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[57] ABSTRACT 

TTie present invention is a lower extremity prosthetic device 
!A^iidi indudes a modular foot having a heel member and an 
dongate, dorsal midfoot member configured for detadiable 
combination via a coiqiling mexhanisin. The bed member is 
fonned substantially £rom a first stnictural material of a first 
modulus of elastidty. The midfoot member is fonned sub- 
stantially tcosn a second structural material having a second 
modulus of elasticity less than the first modulus of dastidty. 
The midfoot member extends arcuatdy focwardly from die 
bed member, and is configured with difi'erentially flexible 
lateral and medial elements which provide the device with 
flexion characteristics similar to those of a natural foot An 
dongate plantar member extends between die hed member 
and a forward end of the midfoot member, the plantar 
member bdng formed substantially from a third material 
having a third noodulus of elastidty whidi is lower than the 
second dkxIuIus of elasticity. The plantar member includes 
a toe section and a sub-ardi section. The sub-ardi section 
extends arcuatdy between the heel member and the forward 
end of the midfoot noembcr. The toe section extends for- 
wardly from the sub-aidi section. 

14 Cbims, 3 Drawing Sheels 




02/17/2004, EAST Version: 1.4.1 



U.S. Patent Sep. l, 1998 sheet 1 of 3 5,800,570 



r 

O 




02/17/2004, EAST Version: 1.4.1 



U.S. Patent Sep. l, 1998 sheet 2 of 3 5,800, 






02/17/2004, EAST Version: 1.4.1 



U.S. Patent 



Sep. 1, 1998 Sheet 3 of 3 



5300,570 




02/17/2004, EAST Version: 1.4.1 



5,800,570 



LOWER EXTREMITY PROSTHETIC 
DEVICE 

TECHNICAL FIELD 

This invention relates generally to prosthetic devices and, 
more particularly, to a prosthesis for use by lower extremity 
anq)iitees. Tht invented prosthesis Includes an artificial foot, 
and fur&er may include an artificial ankle and shin. A 
modular design is used, allowing for user-specific pros&esis 
constnictiott, accoimnodating the repair of individual 
ooropooents, and giving the prosthesis characteristics which 
arc more similar to tfie characteristics of a natural limb. 

BACKGROUND ART 

A prosthetic device, or sinq)ly a prosthesis, is an artificial 
substitute for a part of the body sudi as a limb. Numerous 
prostheses have been developed to serve this jMnpose, each 
trying to rq)licate the function and ^qspearance of the miss- 
ing body part 

Lower leg prosthetic devices present unique problems. 
They mnst be strong enough to support the weig|it of a 
poson and to withstand the forces encountered when walk- 
ing or running, but they also must be iig^it enough to allow 
comfoitafale use. This dichotomy is con^cated further by 
die increasing number of lower-limb anqxitees who desire to 
paiticqiate in athletic activittes. For such activities, ampu- 
tees require prosthedc devices wbitii have moibQity very 
similar to their cdginal limb. Lower leg^oot prosthetic 
devices must be similar enou^ in motxHi^ to natural 
legs/feet to accommodate athletic activity whfle remaining 
both strong and comfortable to the user 

DISCLOSURE OF THE INVENTION 

The present Inveatioo provides a lower extremity pros- 
thetic device which includes a modular foot structure having 
a bed member and an elongate, dcssal midfoot member 
configured for detachable combination via a coupling 
mrrhanism The heel member is fcxmed substantially fr^ 
a first stmctural material of a first predetennined modulus of 
dastidty to define a stable sqiport stracture. The midfoot 
member is secured to the heel member and extends for- 
wardly thcrcfixsn in an arc so as to provide the foot structure 
with flexion diaiactenstics similar to fi^ose of a natural fooL 
The midfoot mffmhrr typically is fcaned from a second 
structural material having a second predetermined modulus 
of elasticity which is less dian the fiik modulus of dasticity, 
tberd)y jvoviding fw differentiated longitudinal flcxioD of 
the foot structure under stdde-relatcd fences. Such forces are 
those which oocin: due to walking, joggjng, running or 
jumping while wearing a prosthesis. 

In accordance with one aspect of this invention, die 
midfoot member has a pair of adjacent medial and lateral 
arch dements, each extending arcuatdy from the bed mem- 
ber to an area corresponding to the metatarsus of a natural 
foot (Le., the metatarsal region of die foot structure). The 
arch elements typically are spaced, thereby accommodating 
torsional flexion <ji the foot structure upon the qjplicatioo of 
a stride-related force. Thus, die foot stnicture is configured 
f<S' flexure ^cfa is similar to the flexure of a natural foot 

In accordance widi another aspect of die hivenlion, die 
foot structure indudes an elongate plantar member Joined to 
die bed member and extending forwanUy tfacrefirom. tbe 
plantar member is formed substantially from a third stnic- 
tural nuterial having a third predetomined modulus of 
dastidty which provides for further differentiated longitu- 



dinal flexion of the foot. The diird modulus d dastidty 
typically is less than bodi die first and second modulus of 
elastidty. In the prefored embodiment, the plantar member 
has a sub-arch section which extends arcuately forwardly 

5 from the hed member to the metatarsal region of the foot 
structure, and a toe section which extends forwardly from 
the sub-arch section. The plantar member flexes longitudi- 
nally in response to stride-related forces. 
These and other objects and advantages of the present 

1^ invention will be more readily understood after a consider- 
ation of the drawings and the detailed description of the 
preferred embodiment which follows. 

BRIEF DESCMPTION OF THE DRAWINGS 

IS 

FK}. 1 is a partially sectioned, side devational view of a 
prosthesis constructed in accordance with a preferred 
embodiment of the invention, sudi prosthesis including a 
hed member, an arcuate midfoot member, and a piantar 
2Q mctnber which extends between the bed and metatarsal 
regions of the foc^ 

PIG. 2 is a fragmentary top plan view of die prosdiesis 
ducted in FIG. 1. 

FIG. 3 is a somewhat simplffifxl, fragmentary front eleva- 
25 tional view of die prosdiesis shown in FIG. 1, such view 
illustrating torsional flexion of the midfoot member 
FIG. 4i8 a bottom view of the prosthesis ducted in FIO. 

1. 

^ FIG. 5 is a fragmentary bottom view of the prosthesis 
depicted in FIG. 1, but with a heel cushion removed to reveal 
a connection between the hed and plantar members of the 
prosthesis. 

FIG. 6 is a fragmentary bottom view of the prosthesis 
35 dqncted in FIG. 1, but widi bodi die heel cushion and 
plantar member removed to reveal a connocti(xi between the 
hed and midfoot membos. 

FKj. 7 is a side elevational view of an alternative embodi- 
ment prosthesis constructed in acoosdanoe with the inven- 
40 tion. 

FIG. SA is a side devational view of the prosdiesis of 
FIG. 7, such view illustrating oounter-flexi<»i of the midfoot 
and plantar members when a first stridenrdated force is 
app^ to die foot 

FIG. 8B is side devational view of die prosdiesis of FIG. 
7, such view illustrating mmual flexion of the midfoot and 
plantar members when a second stade-rdated f(Hce is 
qiplied to the foot 



« ^DETAILED DESCRIPTION OT THE 

PREFERRED EMBODIMENT AND BEST MODE 
FOR CARRYING OUT THE INVENnON 

Aprefened embodiment <rf the invented prosdietic device 
5s is shown in FIGS. 1-^, the device being indicated genenUy 
at 10. As indicated, the prosdietic device readily is divided 
into duee structures, an artificial shin structure 12, an 
artificial foot stracture 14, and an artificial ankle structure 
16. In some instances, die device frmher includes an ardfi- 
^ dalknee structure (not shown), allowing for use tiy d>ove- 
ttie-knee amputees. Fdrlher, it will be qppredated that die 
prosdietic device commonly wfll be covered by artificial 
skin (not shown) made firom a material such as nibber so as 
to simulate skin. 
65 Refeoing initially to shin stracture 12, it win be noted diat 
sndi shin is an dongate member, including a first end 12a 
whidi connects to the anlde or foot, and a second end (not 
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shown) which coonccts to an aiEputationsoctet or knw^ In accordanoe with my teadiings, heel member 28 is 

first end of the shin is secured to a mount 18, the mount fonnedsubstantiaUy from a first structural material having a 

defining a bore which is sized and shaped to receive a first modulus of elastidty. The midfoot member U fwrncd 

generally vertical bolt which fonns a part of the shin. In the substantially from a second structural material having a 
depicted embodiment, mount 18 Is integrally formed with $ second modulus of elastidty which is less than the first 

anUe 16. modulus of elastidty. The flexiUlity of die materials (and 

Anlde 16 hicludes a pin Z2 which extends between a pair the arched shape of the heel-midfoot combination) is 
of suf^xsrt arms 24a, 246 wfaidi typically are formed inte- sdected to allow the foot strucmre to act as an energy 
grally with the foot The support aims extend upwardly from storage spring whidi absorbs energy on impact. The differ- 
opposite sides of the foot to cqrture a downwardly extending entmoduhises of dastidty of the heel and midfoot members 
portion of anlde 16. The pin extends tfirough holes in die provide fo£ a differentiated longitudinal flexion of die foot 
support arms and is readily removable so as to aocomoKxlate upon the application of a stride-related force. In particular, 
separation of the anUe and fool during repairs. A first differential longitudinal flexion will occur due to 
resilient element 27 is mounted intennediate the foot and activities sudi as waUdng, jogging, running, jumping or 
ankle, the first resilient element tending to urge die ankle to other activities which would cause a natural foot to flex, 
pivot countcrdockwise to its position in HG. 1. The pivot j^^^ ^ow to a discussion of plantar member 32, it wiU 
force exerted by die first lesiUent element^ however, is ^ ^ ^ ^j^^ member extends arcuatcly for- 
opposed by a second resilient dement 29, whiA actt oppo- ^ ^ ^ midfoot member and it 
sitdy ondieankletoaUowpivotof the anldeeitti«f«waKl ,^ ^ midfoot member in an area whidi ccarcv. 
or backward from die metatarsal position shown in ^ to die baU of a namral foot As indicated, i^antar 
Botii the first and second resilient dements twy l«/oraDd ^^^^^^ ^^^^ ^ ^ 33 and a sub^ardi section 
fran a material such as foam rubber, providing yiddaWc ^ The toe section is sized and sbqxsd to emulate a naniral 
resistance to pivot of the anlie about the fOTefoot (toe region). Sub-arch section 34 is sized and 

The ankle and shin preferably are constructed in a manner ^tapcd to emulate fee lateral tendons and ligaments of a 
similar to tliat set fordi in U.S. patent apgAicstion Scr. Na 25 naUiral foot The sub-arch section tiius extends forwardly 

08/332,655, filed Nov. 1, 1994. The disdosure of which is ^ j^^j member in a lesser arc dian tiic midfoot 

inaaparatcd herein by diis reference. Altanatively, dw mcjnbcr. jhc toe section is joined wife the sul>-arch section 

ankle and shin may be constructed in a manner set forfe in metatarsal region of fee foot. The toe and sub-arch 

U.S. Pat. No. 5314.499, filed on Apr. 4, 1991, and issued on sections fwefciably are integrally fctmed. Ukc the midfoot 

May 24, 19W.Thediflclosureof fee patent also is incorpo- 30 nj^j^be;,^ the sub-arch section <rf fee plantar member longi- 

rated herein. tudinaUy flexes in re^nse to ^jplication of a stddcr-ielalcd 

Referring now to foot structure 14, it will be noted tiiat fee ^^^^ ^ sub-ardi section is laterally c^set from a 
depicted foot is (tf a modular ccmstructicm, including a heel longimdinal center line of fee foot structure, therd>y pro- 
member 28, a riiidfoot member 30 and a |dantar member 3X vidiag additional support on the lateral side of the foot 
Such members arc ranovaUy coupled wife one anofeer, 33 ^jmuoirc. 

aUowing for easy disassembly and re|«iff.Rirfeff,b^ As shown in FIGS. 5 and plantar member 32 connects 

fee foot is modular, it WiU be appreaated feat it is possfl>le ^ ^ nember 28 using a tongue-and^oove fastening 

to construct a foot which has user-specific flexion ^jj^n—iHii 40 The fitttcoii^ainBigcmcnt includes a flared 

diaractcristics, sudi charadcristics being dependent on fee ^ "Je ^ which fonns a part of the sub-arch secti<m, and 

shi5)e of fee individual members and on fee materials used. 40 ^ ^^i^^ g^^e 44, wWch U defined in the bed mcmbct 

Hedmcmbo- 28 typically is formed from a material sudi ^^jve is mifigiited to leodve and hold fee tongue, 

as glass-reinforced nylon or carbon ffvptoitc oon9x>site, and resisting Iwfe longitudinal and dde-(o>side movement of fee 

is constructed to at least partially define an ardi. Hed tongue. The oonnectiMi of die tongue in fee groove also is 

member 28 is hidden in FIGS. 1-^, but is ^own in HGS. secured devationaDy hi place by a fostener 46 which 

7-^. As should be apparent, fee hed member generally 43 feroodi fee tongw and into bore 48, which Is 

defines a hed region of fee foot Th e heel region tyincally is ^ig^j^cd hi fee hed mad« 

fitted with a heel c«sMon28fl whidi les^ h^inxf^ ^ ^ embodiment, fee plantar member is 

As shown in FIG. 1, midfoot membea- 30 is arch-sh^ ^^^^ suCtantially tan a feizd structural matoial havhig 

ft b ocmfigured to extend f<Hwaidly from fee hed member ^ modulus of elastidty which is less fean fee first and 

toamctatarsalrcgionof fee foot The midfoot member feus so moduhiscs of dastid^. Tliis differential dastidty 

extends fcom fee foot* s hed region to feat portM» of the foot ^^^,^1^ ft^her diflferentiated longinidinal flexion of fee 

which coiresponds to fee baU of a naunal foot In the ^ amlication of stride-rdated f otcc. 

prefened embody ^^^^.^^^^^ An^dLative embodiment of fee invented prosfedic 

« i^TJuZwn in FIO. 7, fee alternative enSodiment 

HS!3ahistrates fee torsiond fl cxion of fee an* dements 136. The present invention is fuUy embodied by prosfeesis 

upondieanplicationof a force, indicated by force arrow T. It''- ^ ^ 

iSttdfootmSnbcr 30 is attached to plants As mustraicd in FIGS. 8A and 8B. plantar member 32 and 

metatarsal region of fee foot In particular, lateral ardi midfoot member 30 flex in response to stxide-rclalcd faces, 

dement 3«fl is attached to fee plantar member vU a fastener 65 collcctivdy exhibiting at least two load-re^onave phases of 

31a. Likewise, medial ardi dement 30fr is attached to fee longitudinal flexion. These phases arc deteamined by fee 

plantar member via a fastener 31b. «rtcnl <rf stridenndatcd farce 9S^\kd to fee foot structure. In 
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FIG. 8A, for exaiq)le, a liist phase (or walking phase) is 
shown. Such phase conesponds to a first amount of force (as 
indicated by force anow W) being applied to the foot Upon 
qjpUcation of this force, the midfoot and plantar mcmbcis 
exhibit counter-flexion, wherein the midfoot and plantar 5 
members flex in opposite directions (as indicated by arrows 
50 and 52). b FIG. 8B« the second phase (or running phase) 
is shown. The second phase corresponds to a second amount 
of force (as indicated by force arrow R) being applied to the 
foot where the second amount of force is greater than the 
first amount of force (i.e., R>W). Upon application of the 
second amount of force, tihe midfoot and plantar members 
exhibit mutual flexion, wbeitin die midfoot and plantar 
members flex togetfaa in a common direction (as indicated 
by arrows 54 and 5Q. 

It will be appaiedated that combinadon of the beel mem- 
ber and midfoot member is adileved via a coupling 
mechanism, such as jdn 36 (or pin 136 in FIG. 7) or some 
other coupling arrangement as disclosed In the above- 
ieferenced,inccHporated patent application. Hn 36 (or alter- ^ 
natively 136) typically extends into die heel member and fits 
between the lateral and medial arch deraftnts 34b, 346. 

While the preferred embodiments and best mode of the 
invention have been disclosed, those skilled will understand 
that variati<»s and changes may be made without dqxatting 25 
from the spirit and scope of the invention as defined by the 
claims. 

I claim: 

1. A lower extremity prosthetic device which includes a 
foot structure, the foot stracture con^xising: 3^ 

a heel member, 

an elongate, dorsal midfoot member joined to said hed , 
mcsnbcr and extending forwardly therefrom in an arc, 
said midfoot laanhcr including elongate medial and 
lateral arch elements, said arch dements being trans- 35 
versdy spaced to accommodate torsional flexi<» cf 
said foot structure upon application of a stridc-idated 
fooce; and 

an elongate plantar member wfaicfa extends between said 
heel member and a forward end of said midfoot 40 
membci, said plantar member being configured to 
longimriinally flex hi response to appUcalioQ of a 
stride-related force to said foot structure. 

2. The prosthetic device of chdrn 1, wherein said hed 
monber is fonned firam a first strucUnal material having a 4S 
first predetennined modulu s of elasticity, said midfoot moii- 
ber is formed substantially finmi a second stnictiiral inatedal 
having a second predetermined modulns of elasticity less 
rtian said first mod u lu s of dasticity, and said plantar member 

is formed substantially firom a third structural malrrial so 
havhig atfaiidpredrtrrminridmoduhis of elasdd^ less than 
said second modulus of dastidty, tfaerd^ providing for 
difiicrBntiated longitudinal flexion of said foot structure upon 
apfdication of stridc-reUUed force. 

3. The prosthetic device of claunl,wherdn said plantar 55 
member includes a toe section and an dongatc sub-arch 
section, said sub-arch section extending arcuate^ between 
said hed member and a forward end of said midfoot 
member, said toe section extending forwardly &am said 
toward end of said midfoot member. 

4. The prosthetic device of claim 3, wherein said sub-ardi 
section of said plantar member is positioned bdow said 
midfoot member, said sub-arch section and said midfoot 
member being configured to flex in response to ^plication 

(tf a stride-related force, and to collectively exhibit at least 65 
two load-xe^nsive phases of longitudinal fleadon, said 
load-responsive phases including: 



a first phase wherein a first force is i^yplied to said foot 
strucmre, said midfoot member and said sub-arch sec- 
tion exhibiting counter-flexion wherein said midfoot 
member and said sub-arch section flex in opposite 
directions; and 

a sccoad phase wherein a second force is applied to said 
foot structure, said second force being greater than said 
first force, said midfoot memba and said sub-arch 
section exhibiting mutual flexion wherein said midfoot 
member and said sub-ardi section flex together, 

5. A lower extremity prosthetic device including a foot 
structure whidi oonqnises: 

a hed member fonned substantially firom a first structural 
material of a first modulus of dastidty; 

an elongate, dcKsal midfoot member joined to said hed 
member and extending forwardly tberefirom in an arc, 
said midfoot member being formed substantially from 
a second strucbiral material having a second modulus 
of dastidty less than said first modulus of dastidty; 
and 



an dongate plantar member bridging a distance twtween 
said hed member and a foaward end of said midfoot 
member, said plantar member being fonned substan- 
tially from a third structural material having a diird 
modtthis of dastidty less than said secrad modulus of 
elasticity. 

6. The prosthetic device of daim 5, wherdn said plantar 
member indudes a toe section and a sub-arch secticm, said 
sub-arcfa section extending arcuately between said hed 
member and said forward end of said midfoc^ member, and 
said toe section extending forwardly from said sub-arch 
section, said plantar member being ocmfigured to flex lon- 
gitudinally in response to application of a stride-rdated 
force to said foot structure. 

7. The prosthetic device of claim 6, wherdn said foot 
structure further comprises a tongue-and- groove fastening 
azrangemiait for fastening said sub-arch section of said 
plantar member to said heel member, said fastening arrange- 
ment induding a flared tongue which farms a part of said 
plantar member and a carrcspondingly-sli^>ed groove 
d^ned in said hed member, wbcrdn said groove is coo- 
figured to receive and hold said tongue. 

8. Hie prosthetic device of daim 6, wherein said sub-arch 
section is laterally offset from a longitudinal center line of 
said foot structure. 

9. The prosthetic device of claim 6, wherdn said sub-arch 
section of said plantar member is positioned bdow said 
midfoot member, said sub-arch section and said midfoot 
member being configured to flex in response to triplication 
of a stride^dated force, and to coUectivdy exhibit at least 
two load-responsive phases of longitudinal flexion, said 
load-responsive phases induding: 

a first phase wherein a first force is tppUcd to said foot 
structure, said midfoot member and said sub-arch sec- 
tion exhibiting counter-flexion wherdn said midfoot 
member and said sub-ardi section flex in opposite 
directions; and 

a second phase wherdn a second force is applied to said 
foot structure, said second force bdng greater than said 
first force, said midfoot member and said sub^arch 
section exhibiting mutual flexion wheteui said midfoot 
member and said sub-arch sectkm flex together. 

10. Alower extremity prosthetic device Induding a foot 
structure wliich comprises: 

a hed member fomied substantially from a first structural 
material of a first modulus of dasticily; 
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an elongate, dorsal midfoot meniber fonned substantially 
fiom a second stnictural material having a second 
modulus of elasticity less than said first modulus ci 
elasticity, said midfoot member extending arcuatdy 
forwardly from said heel member and Inchiding don- 5 
gate medial and lateral azcb elements, said arch ele- 
ments being transversely spaced to accommodate tor- 
sional flexion of said midfoot member upoR ap(dication 
of a stride-related force; and 

an elongate plantar member joined to and extending 
between said heel member and conesponding forward 
ends of said medial and lateral ardi elements, said 
plantar member being fonned substantially frcan a third 
stnictural material having a third modulus of dastidty 
less dian said second modulus of elasticity. 

11. The prosthetic device of claim 10, wherein said plantar 
member includes a toe section and a sub-arch section, said 
sub-arch section exteodmg arcuately between said heel 
member and a forward end of said mictfoot membo-, and said 
toe section extending forwardly fitan said sub-ardi section. 20 

12. The prosthetic device of daim U, wherein said 
sub-aich section is laterally offset £rom a longitudinal centa 
line of said fooC structure. 

13. Hie prosthetic device of daim 11, wherein said 
sub-arch section d said phmtar member is positioned below 



8 

said midfoot member, said sub-arch section and said midfoot 
mym^w being configured to flex in response to application 
of a stride-related force, and to collectively exhibit at least 
two load-responsive phases of longitudinal flexion, said 
load-responsive phases including: 
a first phase wherehi a first force is ^ipiied to said foot 
structure, said midfoot member and said sub-ardi sec- 
tion exhibiting counter-flexion wherein said midfoot 
member and said sub-arch section flex in opposite 
directions, and 
a second phase wiicrein a second force is applied to said 
foot structure, said second force being greater than said 
first force, said midfoot member and said sub-arch 
section exhibiting mutual flexion wherein said midfoot 
member and said sub-arch section flex together. 
14. Hie prosthetic device of daim 10, wherein said foot 
structure further comprises a tongue-and-groove fastening 
arrangement for fastening said plantar member to said bed 
member, said fastening arrangement including a flared 
tongue whidi forms a pait of said plantar monbex and a 
correspondingly-shaped groove defined in said heel 
member, said groove being configured to receive and hold 
said tongue. 

« * * * * 
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